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METHOD FOR REPRODUCING DIRECT CURRENTS, AND A DIRECT_ . 

CURRENT TRANSFORMER FOR CARRYING OUT THE METHOD 5^^, ^ 

[0001] This application is the national phase under 35 
U.S.C. § 371 of PCT International Application No. 
F'CT/DE99/03088 which has an International filing date 
of September 22, 1999, which designated the United 
States of Ame rica. 

Field of the Invention 

[0002] The invention relates to a method for 
reproducing direct currents, in particular for use in 
DC switchgear, with the aid of a primary winding 
through which the direct current to be measured flows 
and which is magnetically coupled to a secondary 
winding via an iron core. It further relates to a 
direct current transformer which is suitable for 
carrying out the method. 

Background of the Invention 

[0003] The detection of currents in DC circuits is 
associated with greater technical problems than such 
detection of currents in AC circuits, in which 
transmission to a measurement device or to a tripping 
circuit of a switching device can be carried out using 
magnetic transformers . 

[0004] Furthermore, there is the requirement for low- 
voltage switchgear for the measurement to be carried 
out as far as pjssiole from the system, that is to say 
without providing external energy from an additional 
energy source which provides an auxiliary voltage. 
This is also only a minor problem in AC networks, or at 
least with an energy source having only a low power 
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the aid of Hall probes or magnetoresist ive sensors. 
However, it has been found that this method is not very 
suitable, at least for the preferred situation here, 
since the primary current cannot be reproduced with 
sufficient accuracy. As such, spurious tripping of the 
overcurrent release can thus easily occur. 

[0006] It is also known for a measurement resistor 
(shunt) to be inserted in the primary circuit and for 
the voltage to be supplied via this measurement 
resistor to an isolating amplifier, whose output side 
acts on the tripping circuit. However, this solution is 
technically highly complex owing to the requirements 
which the isolating amplifier has to satisfy. 
Furthermore, there is a continuous, high power loss in 
the measurement resistor. 

[0007] EP-A 0 651 258 discloses a measurement method 
for direct currents, in which the primary conductor is 
magnetically coupled to a field winding via an iron 
core. The latter is energized with a regular, 
triangular-waveform alternating current, which allows 
pulses to be produced at regular intervals in a further 
winding, which is used as a measurement coil . If the 
iron core is now premagnet i zed in one direction or the 
other by means of the primary direct current, then the 
shift in the hysteresis curve of the iron core changes 
the interval between the measured pulses, and this can 
be evaluated as a measure of the primary current to be 
measured. This solution is likewise very complex in 
terms cf circuitry and requires the continuous 
provision ot an auxiliary voltage with a corresponding 
r . -vj- r level, thus resulting m a not lnoonsiaerable 
energy requirement. 

[0008] A further method for measuring direct currents 
is based on the use of a field winding to compensate 
for a magnetic field caused by thp dir^^ -urr^n*- A r. 
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order to control the compensation current in the field 
winding. The current flowing in the field winding once 
compensation has been carried out, that is to say once 
the total field measured by the magnetic field sensor 
has become zero, is used as a measure of the primary 
direct current. The method is known, for example, from 
EP-A 0 294 590 or from DE-A 38 15 100. 

[0009] A further option with the aid of magnetic field 
compensation is described in UK-A 2 02 9 97 3. According 
to this solution, a current in the form of a ramp is 
fed continuously and repeatedly into the compensation 
winding, and the magnetic field in the iron core is 
measured via an indicator winding. 

[0010] The compensation method likewise requires a 
considerable amount of energy to provide a continuous 
compensation current, and is thus not suitable for the 
above-mentioned purpose. 



[0011] The invention is based on the object of 



involves a direct current transformer, by means of 
which direct currents can be reproduced as accurately 
as possible and using considerably less energy. 
[0012] According to the invention, the object is 
achieved by integration of the current signal which is 
supplied from the secondary winding of an iron core 
where the current to be measured flows through a 
primary winding, and by the integrated current value 
bo i rig supplied to a measurement device or to a trigger 
circuit of a switching device. The integrated current 
value is preferably adjusted at predetermined time 
intervals by determining the primary current to be 
measured with the assistance of a magnetic field 
sensor, for measuring the magnetic field in the iron 
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specifying a measurement method. 



In one aspect, it 
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zero by means of a current, in the opposite direction 
to the primary current, in a compensation winding, and 
by the integrated current value being corrected to this 
value. 

[0013] The method can expediently be carried out such 
that the secondary winding is used as the compensation 
winding for the measurement based on the compensation 
method . 

[0014] The compensation method can advantageously be 
carried out such that a linear-rising direct current is 
fed rnto the secondary winding or into a separate 
compensat ion winding . 

[0015] The method manages with only a fraction of the 
energy required by previously known DC/DC converters, 
since the compensation method is carried out only at 
time intervals in order to compensate for the drift in 
the current value determined using the i n teg rat ion 
method . 

[0016] According to the invention, a direct current 
t rans former which is suitable for carrying out the 
method has a primary winding, through which the primary 
direct current to be measured flows, and a secondary 
winding. The windings are magnetically coupled via an 
iron core. The device further includes a magnetic 
field sensor for measuring the magnetic field of the 
iron core and an integration circuit which is connected 
to the secondary winding, and whose output is connected 
to a measurement device or to a trigger circuit of a 
switching device. Finally, a compensation circuit is 
-to n nected t o the s eco r: d a r y winding v i a a c h a n g e c v e r 
switch, or is connected to a separate compensation 
winding wound cn the iron core. This compensation 
circuit includes a controllable DC source and an 
evaluation circuit which processes the current value • t 
the DC source when ~ h ^ : r aoro^ I ' * ^ • • ~ "'■ • • 



Docke^Wo . 3286-0154P 



equal to zero, in order to adjust the integration 
circuit . 

[0017] The magnetic field sensor may be a Hall probe, 
a magnet ores i s t ive se riser or an indicator winding into 
which a balanced alternating current is injected and 
whose voltage imbalance or balance is a measure of the 
magnetic field in the iron core. 

[0018] The iron core is expediently provided with an 
air gap, m which or in whose vicinity the magnetic 
field sensor is arranged. 

[0019] The secondary winding supplies a signal which 
corresponds to the di/dt of the primary direct current. 
The downstream evaluation circuit, preferably based on 
a microprocessor, integrates the signal from the 
secondary winding to form the primary direct current . 
It can then use this value in a known manner to carry 
out the overcurrent protection. 

[0020] Determination of the primary current 
necessitates long-term integration, in which minor 
errors over very long times can lead to major 
discrepancies between the calculated value and the true 
primary current, so that an overcurrent release would 
operate unnecessarily. In order to avoid this 
undesirable long-term effect, the current is measured 
at certain time intervals with the aid of the magnetic 
field sensor. For this purpose, a direct current which 
starts from zero and ramps up linearly with time is fed 
into the secondary winding or into a separate 
compensat i ::>n winding. At the same time, the output 
sur.ai from the magnetic field sensor is monitored. 
W h e n a r e v e r s a 1 p o i n t o r a c h c i n g e i n polarit y occurs i r i 
the signal, depending on the type of magnetic field 
sensor used, then the magnetic field in the air gap is 
zero. Further, the compensation current, multiplied by 
the number of turns on the secondary ^ ^ ---r :• •• : ^ 
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value. After this, the current can once again be 
detected by integration. 

[0021] If an indicator winding on the iron core is 
used for the magnetic field measurement, then a 
balanced alternating current is injected into this 
indicator winding. The voltage is measured in parallel 
with the indicator winding. If the magnetic field is 
not equal to zero, then the magnetic characteristic of 
the iron core results in the voltage being imbalanced 
to a greater or lesser extent. When the magnetic field 
finally becomes zero as the compensation current rises, 
then this results in a balanced AC voltage. The sought 
measurement point has then been reached. In contrast 
with the compensation method described in relation to 
the prior art, there is no need to control the 
compensation current in this case. In fact, the 
measurement process can be terminated once the linear- 
rising compensation current has resulted in the 
magnetic field in the iron core becoming zero. 

[0022] The use of such an indicator winding has the 
advantage over other magnet ic field sensors that it is 
considerably more resistant to temperature. The 
temperature resi stance depends only on the insulation 
class of the winding. Overtemper at ures up to 200°C may 
be acceptable, with appropriate insulation. 



[0023] The invention will be explained in more detai 1 
in the following text with reference to an exemplary 
embodiment. In the as s o ciat e d d r a w i n g s : 



Figure 1 shows an outline illustration of t re- 
arrangement required for the direct current 
trans former , 

Figure 2 shows the signal produced during 
regular trimming with varicus magnetic field 
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